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In  the foriiinl geometrical theory, we shull take into 
account only those orientations of each crystal form that 
niay reasonably be expected under natuml conclit8ioiis to 
lead to sufficient concentration of light for tlie production 
of readily observable effects: tlitit is, only- orient a t '  ions 
t,hat (1) correspond to the minimum mininioruiii, or (2') 
predominate as a result of a restrictive iiifluence that 
deprives the crystal of one of its degrees of freedom and 
a t  the same time correspond to minimum devin tion, or 
(3) predominate hecause of t~ restrictive influence that 
deprives the crystal of two of its degrees of freedom, in 
which case all deviations must be considered. I n  general, 
only reflections that, are total need be ttiken into account. 

The different, orientatqions that are t o  be taken into 
account in any case, for deriving the collective effect of 
all the crystds, may he conveniently specified by the 
positions in wliich tdie principal crystitllopmpliic axis may 
lie in space, ~ i i d  the extent to which rotation of the crystal 
niay take place around the  axis. 

THE OPTICAL M E T E O R S  PRODZTCED BY CRYSTALS O R I E N T E D  
.4T R A N D O M  

The case in which tlie crystals have three degrees of 
freedom and are oriented completely at8 randon--ns many 
crystals lying with t81ieir axes in one position xis in any 
other, nncl rotating freely aroiincl their axes-is easily 
disposed of. The only important relative concentration 
of light into a liniitetl region of the sky is produced by 
refraction at, and very near the minimuni minimoruni. 

Any plane through t8he line from observer to luniinaqv 
will intersect some of the crystals; a certain proportion of 
t8hese cr;yst#als will happen to he so oriented that tlie sec- 
tion by tlie plane is a principal plane of some one of the 
refracting angles, or veiy nearly so. All rays in this plane 
that are incident on such crystals will be refracted in or 
near a principal plane ; the sections themselves will be 
randomly oriented in tlie int,ersecting plane, so t81iat all 
possible values of the angle of incidence, nnd hence of the 
deviation, will occur. Of the ciystnls that produce any 
given deviation D, all t8hose on a line tlwough the observer 
a t  an angle D with the line from observer to luniinaiy will 
send the refracted ray to the observer; the observer will 
therefore see an image on the sky rtt an angular distance 

froin tlie luniinaiy equnl to the tleviatioii, und in direc- 
tion from the 1iiniinaIy on the great circle where the in- 
tmsccting plane cut8s the cclestial sphcre. The ininges 
corresponding to the tliffermt clerintions in any such 
plane will collectively form :in nrc estrntling along t8his 
g e n t  circle from the minimum iiiinimoruiii to the masi- 
iiiuiii tlevint8ion, hut fading rnpitlly in brightnesq with 
increasing tlcrintion. The snmc effect will be protlucetl 
in all plnncs through the line from observer to luminai-y, 
all of which may he ohtainrhtl by revolving II plane around 
this line; lielice n circular ring o f  light will nppear, centered 
nt the luminai-y, with a h i r p  inner edge (contrasting with 
1% coniparativt4y dark sky witliin) of radius ecliinl to tlie 
minimum minimoruni. nnc l  n tlifuse outer hortlcr merging 
into a gencr:il sky &re hryonrl. 

The concentration of light neitr minimum deri~ition in 
the principal plane is so strong thnt these circular halos 
rnay he distinguishable even when pnrticular orientations 
predominate nniong the crystals sufficiently to give other 
arcs also. 

Each refructiiig angle can produce such :I circular hnlo ; 
and it  is to  phenomenn of this type that the generic namr 
lido properly applies (Gr., &Xos). The radii of all these 
halos that c:in btl produced by the crystnl forms we hnve 
eiiumerated :ire :is follows: 

The 23' h:ilo is by far the coininonest of all halo phe- 
nomenn : nrnrly all the others in this table hnve been 
observed with certiiinty, though most of theni nre very 
rare.3 

3 See W. J.  IIumphrc\s, Phuuxitv ol lh r  I i r .  5 wl , pp 534-57% I Y 4 L  and the further 
rrfrrcnces thiw glren C'T BCS.IIII. ~ I U N T H L I  11 E i T H E R  REX lEU , 4 ?  443,1914,and 51 254. 
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RECALIBRATION OF INSTRUMENTAL EQUIPMENT AT SOLAR RADIO STATIONS 
BY IRVING F. H A N D  ,4ND HELEN F. ~ U L L I N A N E  

[U. S. IVrathrr Bureau Solar Radiation Supervisory Station, Blne Hill Observatory of Harvard IJuiversity, RIiIton. A h > . ,  October IY411 

The desirability of recnlibrnt8iiig the equipmeIi t used a t  
stations where records of solar radiation are now being 
niacle hits long been recognized. The original calibrations 
of the pyrhelioiiieters were macle by t81iree separate 
agencies: (1) tlie Solnr R:tdiation Investigations section 
of the United Stlites JTenther Bureau ( 3 )  the Eppley 
Laboratory, aiitl ( 3  ) the Nationnl Bureau of Stanclitrtls. 
Calibrations by (1) were nintle by occiiltiiig the sun a t  
regular intervals 011 cleltr ditys, subtracting the vnlucs of 
the sky radiation thus determinecl from the t o t d  ratlistion 
on a horizontal surface, and ohtniiiing the ratio between 
this result and the otherwise me:isurrtl ualuti of the normal 
incidence radint8ion reduced to 2% horizontul surface by 
means of the sine law. Cnlibmtions by ( 3 )  nnd (3)  wcw 
obtninecl by direct coniparison against st nnclnrclh fnrnished 
by the Weather Burenu. I t  wiis obvious that grrat, iin- 
provement would be obtained if all iristrunients were 
recalibrated against a single cnrefiilly stmdnrtlizccl pair 
of pyrheliometers; and the need for this increased after a 

more thorough study of the Eppley pyrheliometer hac1 
sliowi that the cosine law fiiilctl to hold with low sun.1 
Moreover, some stntions had not hcen inspected for over 
10 years, niicl i t  wits tholight best to check not only tlie 
pyrhelionicters but also the. rccording cq i i i p~ i i~ i t  iiiicl 
otlier accessories. 

Between hlarcli and July 1941. all statiolis listccl in 
t:ihle 1 were therefore visit8ecl ; the pyrhrliomcters were 
carefully levcM, wlic~rv necessctry, ant1 checkrtl apniiist 
either thr 10- or tlie 5O-iunction stiiiitltrrtls, which pre- 
viously lint1 hccn stitnc1:trtlizrtl directly xgninst the stantl- 
arc1 Smithwninn silver-disk normal incitltmce pyrheliom- 
eter. We may now hc confident that :ill tlirse sttttions 
are on the smie  st:intlartl, niitl tis closc to tlie Smitlisoniaii 
wale of p y r l i ( h n i r t q  a'i n(\ I I W  able to p1:~cc it. Tnhle 1 
pivcs tlie :~vvr:tge riioiithly t b .  111. f .  of 2111 pyrlioliomctcrs 
clieckecl, iuitl irlso tlie pt~rcc~iittigt~ cli;uigtb film the nirtiii 

I BJron ET. W avrrtz and Irving F IIaiid. The t'Ii.iiar.leristirsol titi. E lq~ lcy  I'\rlirlioui 
ter AIVNTELT W E ~ T E I E R  REVIEW. 09 141Fl4S. 1911. R T a \  
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factor fornit+ used. Tlw new iiiontlily vallues of e. 111. f. 
were cnlculntccl by tlic forinula given by Woertz arid 
H:incl,l hut, this forniulu was soiriewhab niodifietl to titlie 
nccount of blie fact tlint tlie v:iriation in e. in. f. applies 
only wlirii tlit) siin is shining. 

On the whole, t81ie pyrhclionit~ters t,lieinselvw were in 
fairly good condition ancl showed less c1i:tnge tliaii we hntl 
aiiticip:i trtl ; tlic Rfndison standardizi~tion showed 1 1 0  
a pprec i ii hle cl I nil gcb wliilt 1 New Orlean s lit id :I 6.5 -11 e rc el i t 
drop. 

Sonic chnnges were iiotetl in tlie full-scnle deflections of 
thtl microiiiiimcters, ant1 cnlculiitions ninclc to rectify the 
reductions. The llitegrntccl effects of the totcrl changtss 
itre shown in table 2, thus enabling previously published 
rlntn to be brought, up to date if desired. 

Tahlr 1 also lists blic percentage changes in the reduc- 
tion f:ictors nrcess:wy to reducc the integrated nrens to 
raliics in gr:ini calories. It will be noted thnt oii tlir 
wliolc thc irlgehrnic sign is reversed from tlir rnlues 
Lippenring for the percentage clinnge in e. ni. f .  hecuuse, 
for eanniple, if tlie pyrheliomcter has been found to be 
1esb efficient, naturnlly a larger factor will he necessq-. 
It itlso will be noted that while the id i ies  for tlie stations 
utilizing potrntiomt3ter.s rernnin unchnnged except for 
change in sign, the stations using microammeters show 

coiiuidern Me c11:mge iii vdues. All the potent ioiiirters 
checkecl were adjusted so iiq to give thcir rated full-scale 
deflection; but, this is impmcticnble in the cwe  of inicroam- 
meters, :ind it, w:is therefore neccssnry to nccept the current 
v:iliies of these latter instriiinents. Unfortunittely, too, 
it 1i:is heeii fonncl that, microammeters liaye n greater 
tcnclcncy to rary in full-scale deflection than do poten- 
tioiiieters; nncl because of this fact, :tiid dso because the 
errors nrising from free-air temperature clianges are 
rcduced to n niiiiimuiii through the use of the niill poten- 
tiometric method, the W e n  ther Bureau is replacing 
micron mineters with pot en tioniet ers as rn piclly ns funds 
permit8. 

The reduction factors for New Tork City showed the 
greatest, clinnge, 10.3 perctwt8, whereas bhe stnndardiza- 
tion of the pyrlielioineter gave ti d u e  only 2.4 percent 
higher than that forrnerlp obtained. The remaining 7.9 
prrc'ent change wis owing to shift in the full-scale deflec- 
tion of t8he recording microtunmet er. 

The change in the equipncnt n t  hhdison, Wis., wis 
till hut  innpprrciable, being less thin one-tenth of 1 
percent. 

Norniitls for all sttitions where tlie apparatus has recent- 
ly been checked were recomputed, ancl placed oii the new 
stanclard. The v:ilues in the last row of trthle 1 may he 
used by those who dcsire to bring previously published 
data up to date. Tnhle 3 gives coniplete instrumentnl 
&ita for the st* J t lolls. 
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U. S. Weather Bureau ........ 
-..-do ......................... 
..--do ......................... 
-...do ......................... 
U. S. Weather Bureau, Amer- 

U. S. Weather Bureau, airport. 

..... do ......................... 

U. S. Weather Bureau ........ 
..... do..--.. ................... 
..... do ................................ 

ican University. 
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656 
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358 

SEETEMBER 1941 

..... do ........................... 
U. S. Weather Bureau, Puerto 

Cornell University-..-. ....... 
Rim. 
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E. m. f.  per 
yam-calorie, 

mv. 
Full-scale 
deflection Station Registers Notes 

1. Fairbanks, Alaska ....... 
2. Lincoln, Nehr ........... 
3. Madison, Wis..- ........ 
4. New York, N. Y ........ 
5. Washington, D. C ...... 

6. Albuquerque, N. Mex ... 

6a. Albuquerque, N. Mes. 

7. Fresno, Calif ............ 
8. Chicago, I11 ............. 
9. Bismarck, N. Dak ._.__. 
10. Nashville, Tenn ........ 
11. Miami, Fla.. .......... 
12. San Juan, P. R .___. ~~. 

7.46 
1.386-1.404 
1.874-1.889 
5.580-5.658 
1.592-1.916 

8.702-8.845 

1 429 

7. EO-. 7230 
8.480 

84.8 
32.0 
36.0 
84.2 
37.0 

113.0 

Engelhard.. ............... 
Lceds & Northrup. ......... 
.._.do ....................... 
Engelhard 30749 ........... 
Bristol, mddel527, serial 567. 
Engelhard,27346 ........... 

30ma ...... 
4 mi.. ...... 
4 rnv ....... 
27.8ma----. 
4rnv. - - - - - .  

28.6ma...- 

Number unknown. (C. I. C.) 
Normal incidence also. ( C .  I. C.) 

Register needs replacing. (C. I. C.) 
Dr. E. W. Engel. 

Engelhard soon to he replaced with 
potentiometer. 

(Should be installed by end of 
1941.) 

Excellent station. 
Engelhard needs replacing. 
Station to be opened shortly. 

Dr. Q. W. Kenrick. 

Do. 

Do. 
Do. 

Leeds & Northrup-. ~ ~ . . 

Engelhard 26209 ........... 
Engelhard: 27273 ............ 
............................ 

82.8 
111.0 

30.8-. ...... 
50.4.. ...... 

............ 
............ 

1. no 
1.813 

1.389-1.403 
8.981-9.084 

1.670-1.693 

0.862 

8.051-8.103 

7.554-7.656 

8.035-8.112 

7.903-7.968 
8.36 

1.88 
8.71 

1.589 
1.382 
7.685 
7.960 
8.52 

_ _  -~ 

............ 
..... 

445 

295 

301 
386 

498 

(9 

(1) 

335 

518 

519 
387 

393 
262 

362 
489 
389 
391 
434 

............................ 
Modified potentiometer-. .. 

Leeds & Northrup.. ........ 

Engelhard, 30749.. ......... 
25166 ........................ 

Leeds & Northrup, 251.5%. 

Leeds & Northrup circular 

Leeds & Northrup, 80 div., 

Englehard. ................. 

sheets. 

>$ hour lines. 

Leeds & Northrup. ......... 

..-.do ....................... 
 do ....................... 

.... do ....................... 
Engelhard.. ................ 

Various potentiometers. ..... 

Dr. A. 5. Heinicke, department of 
pomology. 

Dr. E.  R. Parker, citrus statibn. 
Station in very poor shape- 

should have new instruments. 
Alternate recorders now and then. 

Dr. ChaFles F. Brooks. 

13. Ithaca, N. Y ........... 

14. Riverside, Calif _._.____ 
15. Twin Falls, Idaho .--..- 

16. Blue Hill, Mass ........ 

17. State College, Pa ....... 

14.1 ma ..... 
28.9 ma ..... 

2.8 mv. .... 

University of California.. -. . -. 
U. S. Bureau of Plant Tn- 

Harvard. ..................... 

State College .................. 

dustry. 

Tulane University.--.- ..-. ~~~ 

Scripps Institute of Ocean- 
ography, University of Cali- 
fornia. 

U. S. Bureau of Plant In- 
dustry. 

..... do ......................... 
National Bureau of Standards. 

... .do----. .................... 
University of Washington, 

Eppley Laboratory- .......... 

Seattle,' Wash. 

Massachusetts Institute of 
Technology. 

Dr. H. Landsberg. Pyrheliometer 
has had new cover; very ineffi- 
cient outfit. 

Dr. Henry Laurens. 

Dr. George F. McEwen. 

Dr. L. A. Richards. 

Dr. L. A. Richards or Ilr. Aldrich. 
Pyrheliometers need restandardiz- 

ing. 50-junction. 
10-junction. 
Dr. C. L. Utterback. Suggested 

that they have their pyrhehom- 
eter leveled. No reply. 

Mr. Roy Anderson, Manager, or 
Mr. William R. Gray. 

18. New Orleans, La- ...... 

19. La Jolla, Calif..- ....... 

20. Torrey Pines, Calif .____ 

21. Indio Calif ............ 
22. Wasdington, D. c ..... 
23. Washington. D. C ..... 
24. Friday Harbor, Wash.. 

25. Newport, R. I _.._._ 

16.0mv.--- 

30.8 ma-..-. 

16. mv ..... 

16 mv ....... 
(?I 
(?) 

............ 

..... 

...... 

.. 

26. Cambridge, Mass ...... Lccds & SoTthTLIIJ ......... Ik .  Hoyt C. Hottel. 

-~ ~ ~~ 

TROPICAL DISTURBANCES OF SEPTEMBER 1941 
By HOWARD c. SUMNEH 

[Weather Bureau, Washington, October 19411 

accompanied by a force 8 wind (Beaufort scale), came from 
a ship near 28'06' N., 90'18' W., on September 13. 

On the coast the highest wind velocity registered was 
31 miles per hour from the east a t  Port Arthur and the 
lowest barometer 1,007.5 millibars (29.75 inches) a t  4:30 
p. m. (C. S. T.) on the 14th a t  the same station. Rainfall 
for the %day period (14-15) a t  Port Arthur was 1.52 
inches. 

l'his disturbance was sufficiently threatening on the 13th 
for warnings to be issued to people in low-lying areas; but 
during the last 24 hours before it crossed the coast i t  
decreased greatly in intensity and no property damage or 
injuries were reported. 

September 18-66.-This hurricane was first noted as a 
disturbance of slight intensity about 180 miles south of 
Port Eads, La., on September 18. For 48 hours the center 
drifted gradually southward toward the Yucatan coast 
with winds increasing to gale force. During the night of 
September 20-21 the storm turned, and moving northward 
retraced its path until, on the evening observation of the 
Zlst, it was again near the region where first detected. 
It then took a northwestward course through the western 
Gulf of Mexico and moved inland on the Texas coast near 
hlatagorda a t  3:25 p. m. (C. S. T.) on September 23. 

A ship near 27'06' N., 93'42' W., on September 22 
reported a northeast wind, force 12, and a low barometer 
reading of 985.8 millibars (29.11 inches). 

On the coast, Texas City reported the highest recorded 

The first tropical disturbance of the 1941 hurricane sea- 
son appeared in the northern Gulf of Mexico on the eve- 
ning of September 11. This is the first time in over 25 
years that  the North Atlantic area has been free from 
tropical disturbances until so late in the season. Annual 
records, from 1887 to the present time, show that only on 
two other occasions have tropical storms failed to develop 
before the 11th of September. I n  1907 and 1914 the first 
tropical disturbances of the season were observed on Sep- 
tember 16 and September 14, respectively. 

After the unusually late start, four disturbances devel- 
oped in rapid succession, between September 11 and 23, 
two of which were accompanied by winds of full hurricane 
force. The last three of these disturbances were in prog- 
ress a t  the same time, with advisories being issued simul- 
taneously by the supervising centers a t  Washington, New 
Orleans, and San Juan. 

September 11-16, 19.41 .-A Gulf disturbance of slight 
intensity appeared on the morning of September 11, and 
was centered a t  7 a. m.l about 120 miles southeast of Port 
Eads, La. The center moved very slowly in a west- 
northwesterly direction toward the north Texas coast and 
moved inland, between Galveston and Port Arthur, the 
night of September 14-15, resulting in n series of squalls t i t  

Port Arthur. 
The lowest barometer reported during the short 5-day 

course of this storm, 1,002.7 millibars (29.61 inches), 
1 Times mentioned are E. S. T. unless otherwise indicated. 


